Abstract: This discussion paper considers the adoption of socio-technical perspectives and their theoretical and practical influence within the discipline of health informatics. The paper highlights the paucity of discussion of the philosophy, theory and concepts of socio-technical perspectives within health informatics. Instead of a solid theoretical base from which to describe, study and understand human-information technology interactions we continue to have fragmented, unelaborated understandings. This has resulted in a continuing focus on technical system performance and increasingly managerial outputs to the detriment of social and technical systems analysis. It has also limited critical analyses and the adaptation of socio-technical approaches beyond the immediate environment to the broader social systems of contemporary society, an expansion which is increasingly mandated in today's complex health environment.
INTRODUCTION
Socio-technical perspectives focus on understanding the interaction between two interrelated systems, the technical system and the social system, within a particular environmental context. It is a complex field where many disciplines apply their theoretical and methodological focus to explore the organisational, professional, cultural and technical issues inherent in the design of health care information systems. Multi-disciplinary input has generated a rich diversity of understandings about socio-technical systems and the way they operate. This has in turn facilitated flexibility in identifying the issues and generating the solutions for health information systems design challenges. It also ensures the relevance of socio-technical design to the many different and constantly evolving environments and professions in health care. To fully exploit the potential of socio-technical perspectives, academics and professionals need to engage in a critical dialogue to identify, discuss, and question different perspectives and understandings. This enables the integration of insights and achievements into a more cohesive socio-technical underpinning of health informatics. This discussion paper contributes to the dialogue. It begins with a brief overview of the focus and objectives of the pioneers of socio-technical design. An understanding of the views of these pioneers is fundamental to effective implementation of socio-technical perspectives. The discussion then turns to current applications of sociotechnical perspectives in contemporary health informatics research, teaching and practice. The discussion highlights perspectives that encourage broader debate and critical analysis of the interpretation and application of sociotechnical perspectives in health informatics. 
SOCIO-TECHNICAL PERSPECTIVES: BEGINNINGS
Although this discussion is not a historical review of socio-technical perspectives it is important to highlight the values and principles which shaped the work of the early pioneers and guided their desire to maintain a balance between the social and technical systems in contemporary practice. Socio-technical perspectives have been applied to the design of workplace technology since the mid-twentieth century. Originating in the social sciences, they were first advocated by psychologists at the Tavistock Institute of Human Relations (London) in the 1950s. The perspectives were promoted to counter the perceived de-humanising effect of scientific management practices that were being adopted in workplaces throughout twentieth century industrial society [1] . The early work was underpinned by humanistic values and a primary goal of socio-technical design was to improve the quality of working life and job satisfaction of employees [1] [2] [3] . This focus on workers was the impetus for conceptualising a socio-technical system as two separate but interconnected systems, a social system and a technical system. The term socio-technical was used to emphasise that both systems are equally important, and that employees are complementary to technology, not subordinate to it. Optimisation of the overall system therefore required excellence in technical performance and quality in people's work lives. Socio-technical systems were represented as open systems evolving through interaction with the environment in which they were embedded. This resulted in an emphasis on ethnographic studies and action research [1, 4] . Early researchers emphasised the links between research, theory and practice -"There should be no theory without practice, no practice without research. Sociotechnical designers have always tried to test and develop theory" [1] (p. 321).
Over time socio-technical perspectives were adapted by disciplines in both the physical and social sciences, resulting in today's complex multi-disciplinary field which incorporates a range of theoretical and methodological perspectives [1, 4] . Several studies have explored this complexity. Land identified two conflicting standpoints -the first emphasises humanistic principles, while the second reflects managerial ideals where socio-technical principles are viewed as instruments for achieving the primary objectives of the organisation [5] . Morris highlighted four different perspectives -the technology/engineer, the social scientist, the complex systems engineer and the organisational scientist, each of which draw on particular aspects of socio-technical design [4] . These and similar studies suggest that that there is no such thing as "the" sociotechnical approach but that different research traditions offer complementary, and sometimes contradictory, approaches [6] . As different perspectives, each underpinned by different values and ideas developed, the original humanistic values, which were the impetus for our socio-technical pioneers lost their prominence [4, 5] . When health informatics academics and professionals began to focus their attention on sociotechnical perspectives in the late 1990s, they were confronted by a complex, multi-disciplinary field.
SOCIO-TECHNICAL PERSPECTIVES IN HEALTH INFORMATICS
The application of socio-technical perspectives to health informatics was advocated as a means for understanding and mitigating the poor uptake and performance of information systems within health care [7] [8] [9] . In 1994 Sittig identified the grand challenge of health informatics as being to identify techniques to ease incorporation of information management into the infrastructure of organisations [10] . This was echoed by Atkinson et al. in 2001 , who argued for a socio-technical research and development agenda to "undertake participative, multi-stakeholder problem solving within a healthcare context" (p 1). In 2004 Coiera suggested that "if health care is to evolve at a pace that will meet the needs of society it will need to embrace this science of socio-technical design" [7] (p. 1197).
Evaluations of failed systems emphasised the importance of understanding the complex cultural and organisational aspects of the health care environment and the way these interacted with the technical system. Socio-technical design was identified as an approach that acknowledged this interaction while also accounting for the complexities of the healthcare environment [7, 11, 12] . The approach generated interest and the term "socio-technical" appeared in definitions of health informatics and in the titles of text books, journal articles, and conference papers. The literature began to discuss the importance of cultural and organisational issues.
These developments heralded a shift away from the technocentric preoccupation with "what is needed to make the technical system work right" toward an increasing interest in social and organisational issues. This is demonstrated by the diversity of the topics addressed in the literature. These include a focus on work practices [13] , teamwork issues and communication [14] [15] user attitudes, perceptions, reactions, and satisfaction [16] [17] [18] [19] , stakeholder consultation [20] and usability [21] . Emerging sociotechnical orientations also influenced research practice with qualitative or mixed methods beginning to be used alongside traditional quantitative-based approaches. Socio-technical perspectives fostered the view that particular methodologies and techniques are more appropriate for some functions than others and that a combination of approaches provides a more comprehensive outcome [22] .
While there has been a significant growth in the appreciation and adoption of socio-technical perspectives in health informatics, the dominant focus continues to be on the performance of the technology system as the primary objective. Although the social system is acknowledged as important, it is discussed in the context of minimising resistance to the technological system and problems are formulated in terms of understanding and minimising this resistance [4] . This is indicated in both the methods adopted for research and the language used to report outcomes of that research. In their inventory of studies of information technology in healthcare, Ammenwerth and de Keizer found only 5% used qualitative methods, 12% used combinations of quantitative and qualitative methods, while 83% focused on quantitative methods [23] . Westbrook et al. found that "few studies incorporate a multi-disciplinary approach or use a multi-method design" [24] (p. 1324).
While the technocentric term of "user" [12] may be less evident in the literature today, many reports construct the issues in terms of changing clinical work flows, managing staff resistance and ensuring compliance to maximise system performance. Discussions of education and professional skills also indicate that technology remains a primary focus. In a review of recommendations and guidelines for core skills and knowledge for health informatics professionals, Whetton noted "an emphasis on skills and knowledge pertaining to health informatics/health information systems, computer science and decision support domains, with far fewer core skills drawn from sociological, psychological or management domains (the socio in the socio-technical)" (p223) [8] . This suggests that a social science orientation has yet to gain a strong presence in socio-technical analyses within health informatics. Nor is the potential of the social science perspective well understood. As Coiera notes, "much of the growing STS literature in health informatics is focussed at the phenomenological level" seeking to "explain what people do when they are using technology" [25] (p. 6). While this is certainly one focus, and one which would undoubtedly have the support of the Tavistock pioneers, the social sciences are much more complex, studying both structural and interactionist aspects of human society and human behaviour and utilising different methods as appropriate.
One final observation to be made concerns the scope of socio-technical perspectives as they are applied in health informatics. Discussions in the literature predominantly focus on the practical application of socio-technical analyses. Few elucidate, analyse or critique the underlying principles, concepts or theoretical perspectives adopted in the work. Westbrook et al. noted that many studies of reasons for health IT system failure are retrospective designs that are "limited in their ability to hypothesise about causal factors" [24] (p. 1125). Rather than a solid theoretical base from which to describe, study and understand human-information technology interactions, we have fragmented, unelaborated understandings. This has resulted in a continuing focus on technical system performance often as a substitution for social and technical system analysis. This has limited critical analyses and consigned socio-technical approaches to address the immediate health care setting without attention to the broader environment of the contemporary society.
BROADENING THE FOCUS
The need to broaden the scope of socio-technical perspectives has been acknowledged for some time. Just as health informatics professionals were becoming interested in the approach, Lamb et al. were arguing that "it is becoming increasingly apparent that there is a need for fresh conceptualizations of socio-technical arrangements" [26] (Page 1614). The development of more complex, interconnected information systems raised questions about the ongoing relevance and utility of socio-technical approaches. Critics suggested that increasingly networked organisations were creating fluid boundaries between systems and their environments. They were also resulting in increasing interaction between information systems and the wider environment. These trends were making it increasingly difficult to determine the boundaries of local systems [1, 4, 27, 28] . Today, a socio-technical system such as an electronic health records system embedded in the department of a hospital will be impacted by other departments and sections in that hospital [29, 30] . It will also be affected by the external environment, which may include the health organisation, funding bodies and government regulators. This logically extends to the society within which the hospital is located and, in today's increasingly interconnected world, to the global environment. Thus, socio-technical systems at the local level will be influenced by broader economic, political and cultural systems and vice versa. As Brown and Vergragt observe, "it has become increasingly clear that human-IT micro systems are themselves embedded within larger systemic contexts, and that both these contexts, as well as the interactions and change processes both between and among them, need to be clearly conceptualized and explored in greater detail" [31] (Page 127).
Socio-technical approaches within the wider academic information systems research community have begun to explore the interaction between the information system and the broader social environment [1, 4, 27, 28] . Now may be the time to broaden the focus in health informatics. Social science perspectives provide the means for focussing attention on the social system as both separate from and connected to the technical system. This was a fundamental principle of the early socio-technical perspectives which is often overlooked in the contemporary literature.
CONCLUSION
The importance of a strong research base to underpin theory and practice is acknowledged to some extent in the health informatics literature [7, 31] . However, the association between socio-technical concepts and health informatics practice and research is rarely articulated. Similarly, the elucidation of the theories, concepts and principles that underlie socio-technical perspectives, or their particular application to the health informatics domain, are still limited. As a consequence, rather than a solid theoretical base from which to describe, study and understand humaninformation technology interactions we have fragmented, unelaborated understandings about socio-technical perspectives. This is resulting in a continuing focus on the performance of the technical system and limited attention to the social system. Elucidation of the concepts, theories and values of socio-technical perspectives needs to occur in both education and research literature. The absence of this debate is limiting the ability of health informatics academics and professionals to fully explore and apply socio-technical approaches in the increasingly complex environments of contemporary health care.
